Reactive oxygen species as mediators of membrane-dependent signaling induced by ultrafine particles.
Cell-membrane-dependent proliferative signal transduction activated by ultrafine carbon particles in lung epithelial cells involves the specific induction of Akt and ERK1/2 phosphorylation. Particle-induced generation of reactive oxygen species (ROS) and oxidative stress are regarded as initial molecular mechanisms leading to the induction of diverse cellular responses. Therefore, we aimed to analyze the ROS dependence of the induced activation of the Akt/ERK1/2 signaling pathway upon exposure to ultrafine particulate matter (UPM). For this, ultrafine carbon black (ufCB) and ferric sulfate (FS) were used as a model representing the carbonaceous core and a nonparticulate Fenton-reactive transition metal salt often found in combustion-derived UPM. Cell-free as well as intracellular particle-induced ROS generation was assessed and related to the induced Akt and ERK1/2 phosphorylation by inhibiting oxidative stress with catalase, superoxide dismutase, and N-acetylcysteine. We show here that the activation of this signal transduction pathway was mainly due to intracellular, rather than extracellular, ROS production induced by both ufCB and FS. Further inhibitor studies on the role of cell membrane receptors pointed to the epidermal growth factor receptor as a common mediator for particle- as well as transition metal-induced signaling, whereas integrin-dependent Akt and ERK1/2 activation seems to be particle-specific.